Introduction {#Sec1}
============

Although DNA was first demonstrated in human blood in 1948 \[[@CR1]\] with blood from healthy donors, pregnant women and clinical patients, the information was not exploited until much later. This information disappeared from view during the major research effort of that period to understanding the chemical nature of the gene, and in particular, the structure of DNA that was still to be determined \[[@CR2], [@CR3]\] as was its identification as the gene \[[@CR4]\]. Much later, high DNA levels were demonstrated in the blood of patients with systemic lupus erythematosus \[[@CR5], [@CR6]\] with similar observations following for a range of illnesses \[[@CR7]--[@CR10]\] as well as in cancer patients \[[@CR10]\]. Differences were demonstrable between those cancer patients with primary tumors only and those with metastases \[[@CR11]\]. Extraction and purification of the DNA from cancer patients subsequently showed it to be tumor cell derived \[[@CR12]\].

This review will consider some aspects of the biology of DNA/RNA found in blood, but the main focus will be on the possible role(s) of circulating nucleic acids in plasma and serum (CNAPS) in personalized cancer diagnosis, monitoring of treatment and prognosis.

The source of CNAPS {#Sec2}
===================

Both DNA and RNA are present in CNAPS with 1.8--35 ng DNA ml^−1^ serum and 2.5 ng RNA ml^−1^ serum being found in healthy individuals by various analytical methods \[[@CR13]--[@CR15]\]. Such nucleic acids are derived from a variety of sources in the case of those found in plasma and serum and on entering recipient cells they can modify the biology of those cells \[[@CR16]\]. The sources for such nucleic acids in plasma and serum include (a) breakdown of blood cells; (b) bacteria and viruses, (c) leukocyte surface DNA, (d) cell and tissue necrosis, (e) apoptotic release of nucleosomes, (f) cellular release of exosomes, (g) transposons and retro-transposons and (h) spontaneous release of a newly synthesized DNA/RNA-lipoprotein complex from living cells---"the virtosome" \[[@CR16], [@CR17]\]. Of these sources, nucleosomes and virtosomes would appear to form major components of CNAPS \[[@CR16], [@CR18]\].

Methodology (summarized in Fig. [1](#Fig1){ref-type="fig"}) {#Sec3}
===========================================================

Blood samples {#Sec4}
-------------

The quality and quantity of the nucleic acids extractable from blood may depend upon the way in which the blood sample is handled after withdrawal from the patient given the presence of nucleases in blood. Nucleic acids can be extracted from whole blood, plasma and serum. Either the blood can be held for various periods of time \[[@CR19], [@CR20]\] or the serum/plasma are removed immediately from whole blood and stored \[[@CR21]\] or the nucleic acids are removed and stored for further study. Cellular debris is removed by centrifugation either once or more so as to remove any cellular DNA/RNA \[[@CR22], [@CR23]\]. Filtering has been used, but nucleic acids can stick to the filter and so be lost from the material to be analyzed. Furthermore, both centrifuging and filtering can result in the removal of cells with surface DNA that have been shown to be important in some diagnostic situations \[[@CR24]\]. Hence, both centrifugation and filtration could result in a loss of nucleic acids and, to date, a standardized method handling blood samples for all situations remains to be evolved (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Illustration of the steps between obtaining a patient blood sample and relating the isolated nucleic acids from plasma/serum and leukocyte surfaces to a particular disorder so as to allow early diagnosis, monitoring of treatment and prognosis for the patient. Some examples of the analytical processes of the isolated nucleic acid fragments are indicated

Nucleic acid extraction from blood samples {#Sec5}
------------------------------------------

Fleischhacker et al. \[[@CR25]\] have compared the efficacy of DNA extraction by testing three DNA isolation kits in two different laboratories, in parallel. DNA isolation used spin columns from diverse commercial suppliers---Qiamp DNA Blood Midi Kit from Qiagen GmbH, Hilden, Germany (Q), the NucleoSpin Kit from Macherey-Nagel, Hannover, Germany (MN) and the MagNA Pure isolation system from Roche Diagnostics, Mannheim, Germany (RD). Correlations of plasma nucleosomes and cell-free DNA measured by real-time PCR were comparable between the two laboratories. Large differences in the amounts of cell-free DNA were observed between the various isolation methods, the RD isolation system giving the highest DNA yield followed by the MN and Q systems. Most comparable results with nucleosome ELISA were achieved using the Roche system \[[@CR25]\]. Interestingly, a comparison of seven isolation methods for DNA from 2 ml serum from colorectal cancer patients by Fong et al. \[[@CR26]\] showed the QIAamp DNA Blood Mini Kit with carrier RNA to be the best method with the DNA fragments being of the order of 500 bp+. This highlights the difficulties in finding the most suitable method for the extraction of all DNA fragment sizes.

A recent development of the QIAamp circulating nucleic acid kit working with larger volumes of either plasma or serum may offer a more complete extraction kit \[[@CR27]\].

A new development involving the rapid isolation and detection of CNAPS isolated directly from whole blood may offer a way of overcoming a number of the problems involved in handling fresh blood samples \[[@CR28]\]. A microarray dielectrophoretic system can both detect and isolate high molecular weight DNA directly from whole blood with levels of \<260 ng ml^−1^DNA being detectable. The method can also be applied to the isolation of nanoparticles at \<9.5 × 10^9^ particles ml^−1^ \[[@CR28]\].

Thus, although there are a number of commercial nucleic acid isolations kits available, a greater amount and broader range of fragment sizes appear to be isolated by either salting out or phenol chloroform extraction or PAGE \[[@CR29]\]. Nevertheless, at present, there is no strict consensus as to which one method for the removal of CNAPS from blood samples for analysis is valid for all nucleic acid assays and the literature contains a wide variation of methodology.

Analytical methodology {#Sec6}
----------------------

Due to the relatively low levels of both DNA and RNA circulating in plasma and serum, the methodology exploited for diagnostic purposes is to isolate the nucleic acid and to use either digital PCR \[[@CR30]\] or quantitative RT-PCR \[[@CR31]\] or quantitative fluorescent PCR \[[@CR32], [@CR33]\] to increase the total amount available for further analysis. More specific analyses include the use of methylation specific PCR for the methylation of e.g. promotors \[[@CR34]--[@CR36]\]. Nevertheless, within in each PCR method there is room for possible variation \[[@CR37]\]. The fast, low-cost Recombinase Polymerase Amplification methodology offered by TwistDx Ltd ([www.twistdx.co.uk](http://www.twistdx.co.uk)) may offer a rapid and portable system that can be used with CNAPS though this has yet to be exploited. MALDI-TOF Mass Spectrometry offers an additional way to provide quantitative, specific and sensitive analysis of circulating RNA and DNA \[[@CR38]\] as well as rapid DNA mapping by fluorescent single molecule detection \[[@CR39]\].

Both high throughput parallel sequencing platforms capable of reading 25 million bases of genetic code in 4 h \[[@CR40]\] and SOLiD technology for sequencing both whole genomes and transcriptomes have also been recently developed. THE SOLiD system can deliver up to 60 GB of mappable sequences and provide more than 400 million sequence tags per instrument run \[[@CR41]\]. These latter analytical approaches handling large numbers of nucleic acid fragments in very short times have permitted the introduction of the analysis of CNAPS for specific cancer associated mutations, gene methylation and the loss of heterozygosity as well as extending the use of mRNAs and including microRNAs. The exploitation of these approaches will be discussed at relevant points in this review.

Circulating nucleic acids and oncology {#Sec7}
======================================

The first proposed uses of circulating DNA were (a) as an early marker for cancer through an increased total amount circulating DNA and (b) in monitoring treatment when DNA levels would return to normal upon treatment. Unfortunately, there was no specific correlation between the DNA fragments involved and a particular type of cancer. There have been varying levels of success with this approach.

Nucleosomes are one of the forms of DNA released into the blood stream and the role of nucleosomes in the detection of cancer has been reviewed \[[@CR31]\]. However, in general, they are less suitable for cancer diagnosis due to elevated levels of nucleosomes in patients with benign diseases. One possible instance when nucleosomes levels correlate with tumor stage and the presence of metastases is in gastrointestinal cancers. However, they do not do so generally in other tumor types. Nevertheless, circulating nucleosomes can be used to monitor cytotoxic therapy when strongly decreasing levels are mainly found in patients with disease remission whereas constantly high or increasing values can be associated with progressive disease during chemo- and radiotherapy. Therapy outcome can be indicated by nucleosomal levels during the first week of chemo- and radiotherapy in patients with lung, pancreatic, and colorectal cancer as well as hematological malignancies. Thus, nucleosomes may have a strong role to play in therapy \[[@CR31]\].

Similarly, the quantification of ALU repeats in the serum of breast, colorectal and periampullary cancer patients showed significantly higher values in sera of patients with cancer as opposed to those from healthy controls \[[@CR42]\].

Recently, microRNAs have been examined in plasma and serum for use in fetal diagnosis \[[@CR43], [@CR44]\] and myocardial infarct assessment \[[@CR45]\] as well as a range of cancers \[[@CR46]\]. This approach is at an early stage of development, but shows promising signs of yielding useful marker molecules.

The cancers to be considered below will be confined to lung, colorectal, breast, ovary, prostate, glioma and nasopharyngeal and human papilloma viral carcinomas. Other cancers such as liver, kidney, head-and-neck have been less well studied for their inclusion \[[@CR47]--[@CR50]\].

Lung cancer {#Sec8}
-----------

The technology for circulating DNA was considered insufficiently well established for its use in the diagnosis of lung cancer, Xue et al. \[[@CR51]\] and Schmidt et al. \[[@CR52]\] finding no significant differences between lung cancer patients and patients with a benign lung disease. Sozzi et al. \[[@CR53]\] using real-time PCR amplification of the human telomerase reverse transcriptase gene (*hTERT*) in non-small cell lung cancer (NSCLC) patients versus age-, sex- and smoking-matched controls reported almost eight times the value detected in the controls (24.3 v 3.1 ngml^−1^). They suggested that the plasma DNA was a strong risk factor for lung cancer.

Tamkovich et al. \[[@CR24]\] also found the average circulating DNA concentration in plasma to be similar in healthy donors and lung cancer patients. In the latter case, however, measurement of the concentration of cell-surface-bound circulating DNA showed that values for lung cancer patients were significantly lower than those of healthy donors (*P* \< 0.0001) and correlated with a poor prognosis of tumor disease. Thus, individuals with poor prognosis of tumor disease could be detected with 94% sensitivity and 50% specificity. Furthermore, similar results were found for NSCLC patients \[[@CR54]\] with the ratio of ß-actin gene to LINE 1 fragments in the cell surface DNA being elevated in NSCLC patients. In addition, Wang et al. \[[@CR55]\] identified seven biomarkers from sputum analysis that might be used for early lung cancer detection namely, loss of heterozygosity of *D9S286, D9S942, GATA49D12* and *D13S170*, micro-satelite instability of *D9S942* and methylation of *p16INK4a RARß*.

The role in prognosis for CNAPS, in the case of NSCLC has been exploited by Kimura et al. \[[@CR56]\]. Cases of NSCLC carrying the somatic mutation of epidermal growth factor receptor (EGFR) were shown to be hyper-responsive to the EGFR tyrosine kinase inhibitor, gefitinib (IRESSA). Prior to commencing treatment, serum DNA from patients was subjected to Scorpion Amplified Refractory Mutation System technology to detect EGFR mutations.

The EGFR mutations were seen more frequently in patients with a partial response than in those with either stable or progressive disease (*P* = 0.046). The median progression-free survival was significantly longer in patients with EGFR mutations than in patients without EGFR mutations (200 versus 46 days; *P* = 0.005). The median survival was 611 days in patients with EGFR mutations as opposed to 232 days in patients without EGFR mutations (*P* \> 0.05). Thus, patients with EGFR mutations could be more successfully treated with gefitinib and hence the analysis of CNAPS could aid in the selection of NSCLC patients more readily receptive to this treatment. More recently, the authors have shown that the success rate of mutation detection of serum/plasma DNA can be increased by about 70% if whole genome nucleosomes together with other biomarkers present in serum such as progastrin-releasing enzyme, neuron-specific enolase, cytokeratin-19 fragments and carcinoembryonic antigen can be useful in predicting the efficacy of the therapy response \[[@CR57]\]. Very preliminary studies on circulating methylated *APC* and *RAFFSIA* gene sequences by duplex real-time methylation-specific PCR were used to follow-up NSCLC patients after operation. Although the levels of *APC* and *AFFSIA* taken prior to operating could not be used for prognostic purposes, those values taken shortly after operating predicted non-reappearance in patients re-examined after 6 months \[[@CR58]\].

Colorectal cancer {#Sec9}
-----------------

Schwarzenbach et al. \[[@CR59]\] showed that patients with colorectal cancer had a wide range of DNA concentrations in their blood (22 to 3,922 ngml^−1^ DNA) as compared to the average concentration of cell-free DNA in the serum of healthy donors (5--16 ng/ml) which appears to rule out the use of DNA levels for the early detection of colorectal cancers.

K-ras mutations were exploited in the early analyses though *KRAS2* was found to be present in plasma and serum of only 33% of colorectal cancer patients and absent from a number of other patients \[[@CR60], [@CR61]\]. However, Ward et al. \[[@CR62]\] found that mutant *K*-ras present in that such patients could represent an indication of adverse prognosis as confirmed by Frattini et al. \[[@CR63]\]. Following patients post-surgery, the circulating DNA level was 25 times that of normal individuals prior to surgery while post-surgery, there was a decrease in DNA levels except in patients who subsequently developed recurrences or metastases when the DNA levels rose. A suggestion to improve the identification of tumor related DNA in blood was to take blood directly from the mesenteric/portal veins into which the CNAPS flowed instead of from the peripheral veins \[[@CR64]\]. The markers employed included 11micro-satellite fragments corresponding to regions on six chromosomes frequent for loss of heterozygosity in CRC the presence of hypermethylated DNA for tumor suppressor genes*MGMT; p16; RAR-ß2; RASSFIA* and *APC*. Circulating DNA related to loss of heterozygosity and methylation was more frequently detected in blood from the mesenteric/portal veins than from the peripheral veins \[[@CR64]\].

It would appear that circulating nucleosomes are not reliable markers for colorectal cancer detection since they are elevated also in the presence of both cancer and benign diseases \[[@CR65]\]. However, they may be used in monitoring treatment with decreasing levels being found in patients under remission. Increasing amounts of nucleosomes are found with progressive disease under chemo- and radiotherapy \[[@CR65]\].

In considering nucleosomes for diagnostic purposes, Deligezer et al. \[[@CR66]\] have recently proposed that the ratio of histone H3 lysine (9H3K9me3) to histone H4 lysine 9 (H4K20me3) in circulating nucleosomes might act as a potential diagnostic biomarker for colorectal cancer. Preliminary experiments have used trimethylation of H3K9me3 and H4K20me3, two modifications involved in heterochromatin formation, at the peri-centric heterochromatin of circulating nucleosomes in blood plasma of the healthy individuals, patients with colorectal cancer and multiple myeloma. H3K9me3 was decreased in colorectal cancer and increased in multiple myeloma while H4K20me3 levels were similar in all study groups. Therefore, the H3K9me3/H4K20me3 ratio could be used to normalize H3K9me3 concentrations. This showed the ratio to be median 0.8 for colorectal patients as against median 3.0 for healthy individuals and median 4.7 for multiple myeloma patients \[[@CR66]\].

An alternative diagnostic approach, using microRNAs (miRNAs), for colorectal cancer was developed by Schetter et al. \[[@CR67]\] and Ng et al. \[[@CR68]\]. In the latter case, of a panel of 95 microRNAs, 5 were upregulated in both plasma and serum from 25 colorectal cancer patients versus 20 healthy individuals. miR-17-3P and miR-92 were significantly elevated in the cancer patients. Plasma levels of these markers were significantly reduced after surgery in ten of the cancer patients. In addition miR-92 could be used to differentiate between colorectal and gastric cancer and irritable bowel disease patients.

Breast cancer {#Sec10}
-------------

DNA levels appear to be greater in plasma from breast cancer patients than from normal plasma donors. Zhong et al. \[[@CR69]\] isolated DNA from the plasma from breast cancer patients, those with benign breast lesions and healthy women. The DNA was quantified by real-time PCR for the glyceraldehyde-3-phosphate dehydrogenase gene to show 2,285, 1,368 and 1,489 genome equivalents ml^−1^. Thus, there were significantly greater DNA levels for breast cancer than for the controls. Furthermore, the DNA levels were high in patients with lymph node involvement and distant metastasis. Thus, these findings could have use in both diagnosis and prognosis.

Unlike in the nucleosomal studies for colorectal cancer, current investigations by Stoetzer et al. \[[@CR70]\] found no absolute changes in nucleosomal levels in patients with breast cancer receiving pre-operation neoadjuvant therapy taken before commencing the first and second cycle and at the end of chemotherapy.

Nevertheless, the applicability of cyclin D2 and RARβ2 methylated markers for the development of a breast tumor, screening assay showed mixed results \[[@CR71]\]. Forty two per cent of the patients with primary diagnosis of breast fibroadenoma showed an aberrant methylation of at least one of the tested genes in the circulating DNA though 33% of patients with breast lesions not diagnosed as fibroadenoma also displayed methylation.

In contrast, the findings of Divella et al. \[[@CR72]\] showed that the level of the human *hTERT* gene in the plasma was significantly different for breast cancer when compared to fibroadenoma patients and healthy controls. (*p* \< 0.01), showing a sensitivity of 50% and a specificity of 90% in the ability to detect malignancy. The circulating *hTERT* DNA was significantly different between the estrogen receptor (ER)^+^/progesterone receptor (PgR)^+^ and the ER^−^/PgR^−^ patients (*p* + 0.03). In addition, higher *hTERT* levels were associated with higher human epidermal growth factor receptor-2/neu expression. Given that *hTERT* was significantly inversely correlated with the carbohydrate antigen (CA) 15.3 serum level (*P* + 0.001), circulating *hTERT* DNA appears to have a better diagnostic value than CA 15.3 in early breast cancer disease \[[@CR72]\].

Interestingly, Contreros-Galindo et al. \[[@CR73]\] have shown evidence for high amounts of RNA from human endogenous retrovirus K (HML-2) elements in the plasma from both breast cancer and lymphoma patients as measured by either reverse transcriptase PCR or nucleic acid base sequence amplification. A drop in RNA levels occurs on successfully treating the cancer.

Ovarian cancer {#Sec11}
--------------

Kamat et al. \[[@CR74]\] found that ovarian cancer patients had a median DNA level of 10,113 GE ml^−1^, compared with patients with benign ovarian neoplasms (median, 2,365 GE ml^−1^; *P* \< .0001) and controls (median, 1,912 GE ml^−1^, *P* \< .0001). Cell-free DNA \>22,000 GE ml^−1^ was significantly associated with decreased patient survival (*P* \< .001). In addition, preoperative cell-free DNA \>22,000 GE ml^−1^ was an independent predictor (*P* = .02) for disease-specific survival and that cell-free DNA \>22,000 GEml^−1^ was associated with a 2.83-fold increased risk of death (*P* \< .001).

In another approach, Wang et al. \[[@CR75]\] indicated that a DNA integrity index in plasma of cancer patients was highly specific and sensitive for cancer detection. The test is based on the concept that DNA fragments in serum and plasma are longer than those of healthy individuals possibly due to an inefficient nuclease activity. The amount of DNA sized 400 bp and 100 bp was quantified in patients with ovarian and other gynecological cancer. Significantly higher proportions of long pieces were found in the cancer patients than in both healthy controls and patients with benign ovarian diseases \[[@CR75]\]. This confirmed the high potential of the integrity index for cancer detection and prognosis \[[@CR42], [@CR47]\]. However, these results were not confirmed by other workers throwing doubt on the general use of the diagnostic capacity of DNA integrity index for cancer \[[@CR31]\]. At first sight it is their degree of differentiation of the tumor types that may make this a difficult area for CNAPS use. However, the fact that each histological form has its own characteristic genetic defect may yield an opening for the involvement of CNAPS through the detection of specific DNA fragments \[[@CR76]\].

Prostate cancer {#Sec12}
---------------

Boddy et al. \[[@CR77]\] found that cancer patients had a significantly higher level of plasma DNA compared with the control group, but that DNA levels in patients with a benign biopsy were significantly higher than those in patients with confirmed cancer. Using microsatellite DNA, Müller et al. \[[@CR78]\] found that prostate cancer (PC) patients had a DNA mean value of 590 ng ml^−1^ (81--2,792 ng ml^−1^) against 48 ng ml^−1^ (45--2,908 ng ml^−1^) for benign prostate hyperplasia (BPH). Nevertheless, the range of DNA values in each case would appear to limit their use in diagnosis. Of the marker genes studied, loss of heterozygosity (LOH) was highest at chromosomal regions 3p24 and 8p21 in PC patients compared with BPH patients frequently showing LOH at 6q21, 8p21, 9p21 and 11q22. The methylation status of tumor-related genes *RASSF1A*, *RARß2* and *GSTP1* together with genomic repeat sequences LINE 1 were also assessed \[[@CR79]\] using methylation-specific PCR. The combined classes of marker improved detection of prostate cancer even in patients with normal prostate specific antigen. A combination of both the DNA and PSA assays gave a 89% sensitivity.

Studies on the profiles of *GSTP1* gene methylation in the extracellular DNA of PC patients revealed that such profiles of patients differed from those displayed by healthy donors and patients with BPH; hence, they could possibly be used in early diagnosis. All the cytosines in the *GSTP1* gene promoter in the groups of healthy donors and patients with BPH were unmethylated. However, the CpG dinucleotides in GSTP1 gene promoter in all samples from PC patients were methylated \[[@CR80]\].

Telomere transcriptase mRNA is also a useful PC marker \[[@CR81]\]. There were mean values of 0.79 ng in PC patients, 0.29 in BPH patients and only 0.13 ng in healthy individuals. Using a cut-off point of 0.35 ng, sensitivity and specificity were 81% and 60%, respectively, Schwartzenbach et al. \[[@CR82]\] have suggested that the relationship between circulating DNA and tumor cells (CTC) might be exploited for early diagnosis and determination of tumor stage in prostate cancer. An epithelial immunospot assay was used to detect CTCs and a PCR-based fluorescence microsatellite analysis exploiting a panel of 14 polymorphic markers was used for the detection of allelic imbalances (AI). Plasma DNA levels significantly correlated with the subgroups of localized (M0) and metastasized (M1) prostate cancer as well as the tumor stage. AI was detected in the circulating plasma DNA from 45.0% of M0 and 58.5% of M1 patients. Seventy one percent of M0 and 92.0% of M1 patients harboured 1 to 40 CTCs in their blood, correlating with the tumor stage \[[@CR82]\].

Glioma {#Sec13}
------

There have been few studies in this area. Kyle et al. \[[@CR34]\] determined the methylation status of the promoters for *p16/INK4a, MGMT, p73*, and *RARβ2* within glioma tissue and plasma by methylation specific PCR. Blood was removed from the patients prior to operation. Each methylated DNA marker found in the plasma was also present in the intracranial tumor. Patients with high-grade gliomas had high levels of DNA in the plasma. Ninety percent of these primary brain tumors contained methylated gene promoters and in over 60% of the patients, the same methylated promoters present in the tumor were also present in the plasma.

A similar approach was used by Lavon et al. \[[@CR36]\] with astrocytomas and oligodendrogliomas of various grades. The median interval between surgery and serum sampling was 1 month (range 0.5--168 months). Loss of heterozygosity (LOH) in chromosomes 1p, 19q, and 10q was assessed by PCR-based microsatellite analysis on DNA extracted from whole blood, serum, and paraffin-embedded tumor sections. The methylation status of O^6^-methyl guanine methyltransferase (MGMT) and phosphatase and tensin homologue promoters was studied by methylation-specific PCR. Tumor-specific DNA was found in 80.5% of astrocytic tumors and in all oligodendrogliomas whilst the rate of serum detection did not differ between low- and high-grade oligodendrogliomas. A statistically significant tumor-serum concordance was found for MGMT methylation in both astrocytic tumors (83%; *P* \< .001) and oligodendroglial tumors (72%; *P* \< .003) and for LOH of 10q (79%; *P* \< .002) and 1p (62%; *P* \< .03) in oligodendrogliomas. Statistically significant tumor-serum concordance was found: (a) MGMT methylation in both astrocytic tumors (83%; *P* \< .001) and oligodendroglial tumors (72%; *P* \< .003): (b) LOH of 10q (79%; *P* \< .002) and 1p (62%; *P* \< .03) in oligodendrogliomas. There was moderate sensitivity and high specificity for both low- and high-grade tumors.

Balaña et al. \[[@CR83]\] also used this approach for monitoring treatment showing a significantly high concordance of methylation of MGMT in glioma tissue, and paired serum DNA and the potential correlation with response and time to progression. In the 16 patients treated with temozolamide plus cisplatin, no significant correlation between MGMT methylation status and response was observed, whereas in 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU)-treated patients, a significant difference was observed in favour of those with methylated MGMT. No correlation was observed for p16, *DAP*K, or *RASSF1A* methylation between response or time to progression.

Circulating nucleosomes in serum and cerebrospinal fluid (CSF) from patients with glioblastoma, non-acute neurological disorders, subarachnoid hemorrhage and non-ruptured aneurysms were studied to determine if they could be used in both diagnosis and prognosis \[[@CR84]\]. In the case of patients with glioblastoma treated by surgery and local chemotherapy, levels of serum and CSF nucleosomes increased moderately during the week after surgery. There were no significant differences between pre-therapeutic nucleosome levels in the various patient groups. Those patients with glioblastoma developing cerebral edema had CSF levels increased to almost 200---fold and reaching a maximum on day 3 after surgery in contrast to patients without edema. Thus monitoring CSF levels of nucleosomes in glioblastoma patients may indicated the development of postoperative complications \[[@CR84]\].

RNAs may also be exploited though, in this case, it is the presence of RNA-containing exosomes released into the blood from glioblastoma patients that have been assessed. They have been shown to contain mRNA mutant/variants and miRNA characteristic of gliomas. In particular, tumor-specific *EGFRvIII*, containing a mutation specific for glioblastoma was detected in the serum micro-vesicles of seven out of twenty five glioblastoma patients \[[@CR85]\].

Nasopharyngeal and human papilloma viral carcinomas {#Sec14}
---------------------------------------------------

Viral DNAs have been found in CNAPS with the specific DNAs of for Epstein Barr virus (EBV) in patients with nasopharyngeal carcinoma \[[@CR86], [@CR87]\] and human papilloma viral carcinoma in about half of cervical carcinoma patients and hepatitis patients \[[@CR88]\] having been identified. Nasopharyngeal carcinoma (NPC) is distinct from other head and neck cancers by its epidemiology, histopathology, and clinical characteristics. It is geographically endemic with an incidence as high as 25 per 100,000 in South East Asia \[[@CR89]\]. Chan et al. \[private communication\] screened 1,318 subjects with no NPC. EBV viral capsid antigen (VCA-Iga) was also assayed. Sixty-nine subjects had detectable EBV DNA of which 19 were still positive 2 weeks later. On clinical follow-up, three subjects were found to have NPC of which only one subject showed EBV VCA-Iga positivity. Thus, CNAPS EVB DNA may have a role to play in the early diagnosis of NPC. Moreover, preliminary studies on cervical cancer patients have indicated that plasma papilloma virus DNA could be a useful marker for monitoring the therapeutic response and disease progress in cervical cancer \[[@CR90]\].

Genometastasis {#Sec15}
==============

In spite of the wide range of mechanisms proposed for the induction of metastases, the involvement of CNAPS in the process is not included \[[@CR91]\]. However, it is interesting to review the data linking circulating nucleic acids to the formation of metastases. The role of CNAPS in inducing metastasis has been explored.

Early studies showed that a newly synthesized DNA/RNA lipoprotein complex, the virtosome, was homeostatically released from both normal and cancer cells \[[@CR13], [@CR16], [@CR92]--[@CR96]\]. The virtosomes could enter cells and change the biology of these cells.

Thus SW 480 cell line, originating from a human colon carcinoma, containing a point mutation of the K-ras gene on both alleles, released the DNA/RNA-lipoprotein complex containing the mutated K-ras gene. Transformed foci appeared in NIH/3T3 cells that were cultured in the presence of non-purified SW 480 cell supernatant containing the virtosome complex. The presence of a mutated ras gene in the transfected foci of the 3T3 cells was confirmed by hybridization after PCR and by sequencing the PCR product \[[@CR96]\].

Similarly, on entering non-stimulated lymphocytes, the virtosomes released from mouse tumor cell lines J774 cells (leukemia) and P497 cells (glial tumor) caused the lymphocytes to synthesize DNA for cell division \[[@CR13]\]. No such DNA synthesis occurred if the virtosomes used were obtained from non-dividing cells.

The data above of Skog et al. \[[@CR85]\] also implicate RNA in a similar manner.

The circulating nucleic acids in serum from patients with colorectal cancer have recently been shown to be involved in tumor induction. Thus, Garcia-Olmo et al. \[[@CR97]\] cultured NIH-3T3 cells in the presence of plasma from patients with either K-ras-mutated colorectal tumors or from healthy subjects. The plasma was either directly added to the cultures or, to avoid plasma-cell contact, membranes with 0.4 µm pores were placed between the plasma and the cells so acting as a filter. Human gene transfer occurred in most cultures of NIH-3T3 cells, as shown by the presence of human K-ras sequences, p53 sequences and ß-globin encoding sequences. That the NIH-3T3 cells were oncogenically transformed after being cultured with plasma from colon cancer patients, was demonstrated by injecting the transformed NIH-3T3 cells into NOD-SCID mice that went on to develop tumors. The presence of an artificial membrane containing 4 µm diameter pores placed between the NIH-3T3 cells and the plasma gave similar results showing that the transforming factor had a diameter of less than 0.4 µm. A TEM study of the membranes from the plasma experiments showed many structures of \<0.4 µm diameter were seen to pass through the pores of membrane. This process has been termed Genometastasis \[[@CR98], [@CR99]\]. Serrano-Heras et al. \[[@CR100]\] have suggested that the structures passing through the pores are DNA-carrying exosomes. However, the ability of the virtosomes released from tumor cells to enter and stimulate DNA synthesis in non-stimulated lymphocytes \[[@CR13]\] and the presence of the mutated K-ras gene DNA released from SW480 cells into the culture medium to be present in the transformed NIH/3T3 cells \[[@CR96]\], implies that the virtosomes could also be implicated in the metastatic process.

Conclusions & outlook {#Sec16}
=====================

Fragments of DNA and the various forms of RNA are clearly circulating in blood and there are important early signs that they may be used as early diagnostic markers for a number of disorders. Clearly, both DNA and RNA have roles to play in personalized diagnosis and prognosis in clinical oncology.

At present, clinical trials are in progress in the USA and the UK for the use of CNAPS from maternal blood as a minimally invasive method for examination of the fetus in the first trimester e.g. for diagnosis of Down syndrome and Rh factors. However, as can be seen above, the use of CNAPS in personalized cancer detection is very much at the experimental stage with many exciting prospects. Few developments are at a stage where clinical trials can be held though there are hopeful signs that the use of nucleosomes to monitor cancer treatment, but not for diagnostic purposes, can be established \[[@CR25], [@CR31], [@CR57], [@CR65], [@CR84]\]. This highlights the fact that, although many laboratories around the world are engaged upon the applications of CNAPS in personalized cancer studies and that a number of patents have been obtained for various technical processes, there are a limited number of laboratories working on any one type of cancer and so progress to clinical use is relatively slow.

Much more emphasis needs to be placed on improving the quality of the methodology for consistency in usage across laboratories before this approach can be put onto a broad basis. This applies to the storage of blood samples, the isolation of all nucleic acid fragments from the blood and the method for analyzing those fragments. The new methodology \[[@CR40], [@CR41]\] for sequencing the nucleic acid fragments in very short time periods allows for the identification of a large range of markers that may be used for any one cancer. However, time is still needed to determine how best to handle so much data generated with respect to cancer diagnosis and prognosis.

Attention is drawn to the evidence that some of the nucleic acids in plasma and serum released from primary tumors can act as messengers between cells and are implicated in the initiation metastases. This poses questions concerning the use for transfusion of blood taken from individuals who, unknowingly, have cancer.
